Introduction
The recent development of immunotherapy has advanced the treatment of various cancers. The anti-PD-1 antibody nivolumab was designated by the FDA as a breakthrough therapy in September 2014. Subsequently, the anti-PD-1 antibody pembrolizumab received the same designation. Nivolumab is currently approved as a drug with good efficacy against a range of specific malignancies including malignant melanoma, non-small cell lung cancer, kidney cancer, stomach cancer, Hodgkin's lymphoma, and urothelial carcinoma. In addition, it is being investigated for the treatment of other types of cancer in promising clinical studies. Pembrolizumab was also approved by the FDA for similar indications in addition to the microsatellite instability-high or mismatch repair-deficient solid tumors.
Hepatocellular carcinoma (HCC) is considerably more heterogeneous than other solid tumors or hematologic malignancies. Because of the lack of major driver mutations in HCC, treating patients with drugs that deplete hepatic functional reserve is challenging. Accordingly, researchers are investigating therapeutic approaches that differ from those used for other cancers. Among such therapies, the anti-PD-1 antibody nivolumab showed promise as a therapeutic agent for HCC in the CheckMate040 study [1] . Furthermore, numerous pharmaceutical companies have initiated phase III and/or earlier clinical trials of anti-PD-1 or anti
Immune Checkpoint Inhibitor Combination Therapies
In the field of immunotherapy, the results of combination therapy with anti-PD-1/anti-PD-L1 antibodies and anti-CTLA-4 antibodies in HCC are awaited with much anticipation (Fig. 1) . Concomitant nivolumab and ipilimumab show a superior therapeutic effect over monotherapies for melanoma [3, 4] , although the efficacy of this combination in HCC is under investigation [5, 6] . The rationale for combination therapies with anti-PD-1/anti-PD-L1 and anti-CTLA-4 antibodies is as follows: In the absence of CD8 + T cells, stimulation of tumor immunity cannot be expected because these essential lymphocytes are absent from the tumor site, regardless of whether the PD-1/PD-L1 pathway is blocked. However, the anti-tumor effect is increased by the concomitant administration of anti-CTLA-4 antibodies that block the B7-CTLA-4 pathway, as this block leads to an increase in activated CD8 + T cells in lymph nodes followed by an increase in activated CD8 + T cells infiltrating the tumor tissue [7] (Fig. 2) . Furthermore, CTLA-4 is expressed on regulatory T cells (T reg cells) that infiltrate into tumors to play a role as suppressors of anti-tumor immunity in the tumor microenvironment [8] . Theoretically, anti-CTLA-4 antibodies should enhance CD8 + T cell immune activation by inhibiting CTLA-4 expressed on T reg cells. This is the rationale for the ongoing clinical trials of combination therapies of anti-CTLA-4 antibodies with anti-PD-1/PD-L1 antibodies for HCC (Fig. 2) .
Combination therapy with nivolumab and the anti-CTLA-4 antibody ipilimumab at a range of doses and dose intervals is under investigation in the CheckMate040 study. Another therapeutic regimen currently under investigation is the combination of the anti-PD-L1 antibody durvalumab and the anti-CTLA-4 antibody tremelimumab, and the efficacy and safety of this combination are being evaluated in comparison with monotherapies in a phase I/II clinical study. The phase I part of this study was reported at the 2017 annual meeting of the American Society of Clinical Oncology (ASCO) [5] . Durvalumab plus tremelimumab combination therapy showed an objective response rate (ORR) of 25% in 40 HCC patients, yielding a more favorable outcome than durvalumab monotherapy [5] . These results were the basis for the initiation of a currently ongoing phase III clinical study (HIMALAYA study). 
Combination Therapies with Immune Checkpoint Inhibitors and MTAs
Immune checkpoint inhibitor-MTA combination therapies have raised high expectations in recent years. These therapies affect vascular endothelial growth factor (VEGF)-A, which is released from tumor cells and the vascular endothelium in the region of the cancer. VEGF-A induces a wide range of immune suppressor cells, including tumor-associated macrophages (TAMs), T reg cells, and myeloid-derived suppressor cells (MDSCs), creating a microenvironment that suppresses tumor immunity (Fig. 3 ). These cells prevent the maturation of dendritic cells and inhibit the activation of NK cells and T cells by releasing immunosuppressive cytokines (IL-10 or TGF-β) [9] . Stromal cells in the liver (e.g., Kupffer cells, dendritic cells, hepatic endothelial cells, and hepatic stellate cells) are also implicated in the immunosuppressive environment of HCC [10] . On this theoretical basis, VEGF activity could be suppressed by anti-VEGF antibodies and multikinase (including VEGF)-inhibiting MTAs in the following ways: (1) antigen presentation to dendritic cells is increased; (2) T cell activation is promoted in the priming phase; (3) tumor vessels are normalized, thereby improving trafficking and infiltration of T cells from lymph nodes to the region of the tumor; (4) the T reg cells, TAMs, and MDSCs mentioned above are suppressed, and the humoral factors TGF-β and IL-10 decrease at the tumor site, leading to improved immunity in the tumor microenvironment; (5) the inhibition of checkpoint molecules by anti-PD-1/PD-L1 antibodies activates the cancer immunity cycle against the tumor [7] . Furthermore, activated T cells can then effectively attack the tumor, inducing necrosis of tumor cells (Fig. 2) . Pembrolizumab and lenvatinib combination therapy suppresses TAMs and T reg cells, counteracting their immunosuppressive effect on the microenvironment. This decreases TGF-β and IL-10, downregulates the expression of PD-1 and T cell immunoglobulin and mucin domain 3 (TIM-3), and promotes the immune-activating cytokine IL-12, resulting in an anti-tumor immunity-promoting effect, as shown in a preclinical study [11] (Fig. 4) . A number of clinical trials of immune checkpoint inhibitor-MTA combination therapies have been initiated based on this hypothesis (Table 2) . Pembrolizumab plus lenvatinib combination therapy shows high response rates of 50-70% Table 2) .
The results of three anti-PD-1/PD-L1 antibody plus MTA combination immunotherapies for HCC were presented simultaneously at the 2018 annual ASCO meeting. The first of these reports involved a phase Ib clinical trial of pembrolizumab plus lenvatinib combination therapy. In that study, safety and efficacy evaluations included only 30 and 26 patients, respectively; however, the ORR was 42.3%, and the disease control rate was 100%, with no cases of progressive disease. Outcomes were favorable, and progression-free survival was 9.7 months [12] (Table 3) .
The second of these reports involved combination therapy with the anti-PD-L1 antibody atezolizumab and the anti-VEGF antibody bevacizumab. The results generated considerable interest in the field of HCC therapy because of the high ORR of 61% based on RECIST 1.1 and according to an investigator assessment of 23 patients, and 65% according to an independent review [13] .
The third of these reports involved the anti-PD-1 antibody SHR1210 combined with apatinib. This study involved 18 patients and yielded fair outcomes, with a response rate of 38.9%, disease control rate of 83.3%, and progression-free survival of 7.2 months [14] ( Table 3) .
The highest response rate reported at ASCO 2018 in June was for the clinical study of atezolizumab plus bevacizumab. However, updated results (including 73 patients) were reported at the 2018 annual ESMO meeting in October, and the response rates were substantially reduced: 32% according to RECIST 1.1 by investigator assessment and 27% according to RECIST 1.1 by independent assessment [15] (Tables 4, 5 ). The ORR of 27% according to independent review that was reported at ESMO 2018 was greatly reduced from the corre- sponding ORR of 65% reported at ASCO 2018. The ORR of this combination trial was 34% according to the modified RECIST by independent review assessment ( Table 5) . A major factor in the reduction of response rate was the increase in the proportion of patients with macrovascular invasion (MVI) and/or extrahepatic spread (EHS) from 65% (ASCO 2018) to 88% (ESMO 2018) ( Table 6 ; Fig. 5 ). The ESMO data showed that the response Investigator-assessed results (per RECIST v1.1). Seventy-three patients were evaluable for efficacy with a minimum followup of 16 weeks. ORR, objective response rate; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; DCR, disease control rate. (Fig. 6 ). The ORR reported at ESMO 2018 appears to be consistent with the pattern in the previous systemic therapy, as the ORR of a Japanese subpopulation from the REFLECT trial was 61.3% (n = 31) for intermediate-stage HCC and 38.0% (n = 50) for advanced-stage HCC in the lenvatinib arm [16] . It is easily speculated that progressive disease is more frequently observed, and tumor shrinkage is more difficult to achieve in advanced-stage HCC because of the more frequently observed phenotype change, such as epithelial-mesenchymal transition, and/or higher tumor burden/vascular invasion than in intermediate-stage HCC. The higher response rates in advanced-stage HCC than those in intermediate-stage HCC reported at ASCO 2018 could be attributed to the smaller number of patients evaluated.
The currently available results for combination immunotherapies are shown in Table 3 . It may be important to note that the ORR may change, either improve or decrease, with further increases in the number of patients evaluated from an experience of the above-mentioned combination study. A phase III study of atezolizumab plus bevacizumab (IMbrave150 study) is ongoing, as is the phase III study of durvalumab plus tremelimumab (HIMALAYA study). The results of these studies are eagerly awaited. 
Conclusion
Prolonged survival and cure may be expected for patients who respond to immune checkpoint inhibitors, as described by Sharma and Allison [17, 18] . These authors propose that a durable long-lasting response may be achieved with combination immunotherapies in majority of the patients (Fig. 7) [17] . Combination therapies of anti-PD-1/anti-PD-L1 antibodies with other MTAs or with other immune checkpoint inhibitors such as anti-CTLA-4 agents may bring a much better survival in HCC patients and lead to a paradigm shift in the treatment strategy for this disease. The recent development of immune checkpoint inhibitors [19] , multiple MTAs [20] , and combination therapies as described above [21] may lead to major innovations in the treatment of HCC in the very near future. Further drug development based on an improved understanding of the mechanisms of action of combination therapy should substantially improve the prognosis of patients with unresectable HCC.
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